An implementation of the International Freight Simultaneous Transportation Equilibrium Model (IFSTEM) that developed in United Nations Economic and Social Commission for Western Asia (ESCWA), to the goods trade through the ports and lands of Sultanate of Oman is presented. Although some socio-economic variables, which are not available, were required for IFSTEM model calibration, some reasonable assumptions were made and it was good enough to draw the following main findings: the proposed alternative enhancement scenarios were four nested scenarios, i.e., each scenario included the previous one plus an additional enhancement. These four enhancement scenarios were analyzed against and compared with scenario (0), i.e., the reference "do nothing" scenario. The prediction results revealed that the estimated international trade flows (imports, exports and re-exports) for Oman were increased by more than 504% by 2040 compared to the present situation of the base year 2012. This increase would represent around 70% compared to the "do nothing" reference scenario by the year 2040 assuming that the average increase of international trade flows in the "do nothing" case would be around 4% annually during the analysis period from 2012 to 2040. The predictions of average total trip time and total cost per ton revealed an estimated decrease, compared to the reference scenario, by around 25% and 20% respectively. These results are internally consistent and represented reasonably significant improvements compared to the "do nothing" reference scenario.
Introduction
The prediction of multicommodity freight flows over a multimodal network has attracted much interest in the recent years. In contrast to urban transportation, where the prediction of passenger flows over multimodal networks has been studied extensively and many of the research results have been transferred to practice (Safwat and Walton [1] , Safwat and Hasan [2] , Safwat [3] and [4] , Safwat and Magnanti [5] , Hasan [6] , Hasan and Al-Gadhi [7] , Hasan and Safwat [8] , Florian [9] and [10] ), the study of freight flows at the national, regional, or international level, perhaps due to the inherent difficulties and complexities of such problems, received less attention. A good review of freight transport modeling may be found in Friez and Harker. Below is a brief review based on Guelat et al.
The first class of models that was well studied in the past for prediction of interregional freight flows is the spatial price equilibrium model and its variants.
The model, stated initially by Samuelson [11] and extended by Takayama and Judge [12] [13] then by Florian and Los [14] , Friesz, Tobin and Harker [15] , has been used extensively for analyzing interregional commodity flows. This class of models determines simultaneously the flow between the producing and consuming regions as well as the selling and buying prices. The transportation network is usually modeled in a simplistic way (bipartite network) and these models rely to a large extent on the supply and demand functions of the producers and consumers respectively. The calibration of these functions is essential to the application of these models and the transportation costs are unit costs or may be functions of the flow on the network. There have been so far a few multicommodity applications of this class of models, with the majority of applications having been carried out in agricultural and energy sectors in an international or interregional setting. It is not this class of models which is the main topic of our study.
The second class of models which we consider are freight network equilibrium models which enable the prediction of multicommodity flows over a multimodal network, where the physical network is modeled at a level of detail appropriate for a nation or a large region, and represents the physical facilities with relatively little abstraction. The demand for the transportation services is exogenous and may originate from an input-output model, if one is available, or from other sources, such as observed demand or scaling of observed past demand (in our proposed model endogenous transportation demand will be considered). The choice of mode or subsets of modes used is exogenous and intermodal shipments are permitted. In this sense, these models may be integrated with explicit multimodal network, but without any consideration of congestion. The first model that considers congestion effects and shipper-carrier interaction is that of Friesz et al. [21] . A review of shipper-carrier models, both sequential and simultaneous, is given by Friesz and Harker [22] . The first application of a model that considers congestion phenomena in this field is the Freight Network Equilibrium Model (FNEM) (Friesz et al. [23] ). This is a sequential model which uses two network representations : an aggregate network that is perceived by the users, which serves to determine the carriers chosen by the shippers and then more detailed separate networks for each carrier, where commodities are transported by minimizing total cost. A generalization of the work of Friesz et al. [21] in which variable demand functions are considered in the shipper's submodels, is given by Harker and Friesz [24] and [25] . They combine the variable demand modeling approach of spatial equilibrium models with a detailed description of the behavior of shippers and carriers, in mathematical formulations that are yet to be tested in a practical application.
Guelat, et al. [26] developed a multimodal multiproduct network assignment model that does not consider shippers and carriers as distinct actors in the decision made for shipping freight. This level of aggregation which is appropriate for strategic planning of freight flows, where origins and destinations correspond to relatively large geographical areas, leads to the specification of supplies and demands for the products considered, which represent the services provided by all the individual shippers for the same product. Their model assumes that goods are shipped at minimum total generalized cost, which is particularly appropriate when certain products are captive to a mode, or a subset of modes, due to service availability or regulation.
In other situations, as in our study, when modes compete for the shipment of products, generalized cost function components which reflect shippers' objective should be included. This generalized cost may be composed of costs, time delays Safwat [27] describes in his dissertation an intercity transportation model, i.e., a Simultaneous Transportation Equilibrium Model (STEM). An application of the STEM model to Egypt included both passenger and freight movement. The generation of trips in a region is incorporated via a specific non-linear functional form including transportation costs (see also Safwat and Magnanti [5] ). Thus, Safwat represented producers' and consumers' behavior by this specific trip generation function, collapsing their decision-process into one known functional relationship. In practice, the STEM model was applied to many real-world transportation systems. The most recent applications were on the urban transportation network of Tyler, Texas, U.S.A. (Hasan and Safwat [8] ) and of Riyadh, Saudi Arabia (Hasan and Al-Gadhi [7] ). Earlier applications included the intercity passenger travel in Egypt (Safwat [3] and [4] ) and the urban transportation network of Austin, Texas, U.S.A. (Safwat and Walton [1] ).
Moavenzadeh et al. [28] included an extended version of the STEM model as a central component of a comprehensive methodology for intercity transportation planning in Egypt [29] . This methodology has been used in several case studies involving multimodal transportation of passengers and freight in Egypt.
Safwat and Hasan [30] further adapted the STEM to International Freight STEM (i.e., IFSTEM) and implemented it to the Integrated Transport System in the Arab Mashreq (ITSAM) through United Nations Economic and Social Commission for Western Asia (UN-ESCWA).
Hasan [31] implemented and adapted the IFSTEM methodology to the international trade flows through Lebanon, Syria and Jordan. Throughout these applications, STEM and IFSTEM predictions consistently outperformed the predictions produced by applying the traditional sequential transport planning approach used worldwide by international consultants.
More recently, Mathisena and Hanssena [32] give a good academic literature on intermodal freight transport. First, they examined the historical development of academic research on intermodal freight transport. Second, they identified the seminal works on the topic.
Duan et al. [33] demonstrate the effect of recognizing heterogeneity in values of time (VOT) on the design of a hub network for freight transportation. By taking the VOT distribution into account, we emphasize shippers' broader logistical, social and economic situation in the network design, and are not limited to commodity types.
The IFSTEM-Oman adapted in this paper is essentially based on the above mentioned developments, adaptations and implementations. That is, the IFSTEM-Oman is a simultaneous trip generation, trip distribution, modal split and traffic assignment model that most appropriately illustrates the behavior of
The International Trade Flows Prediction Model for
Oman (IFSTEM-Oman Model) Hasan [31] and Safwat and Hasan [30] described in details the basic functions and assumptions of the International Freight Simultaneous Transport Equilibrium Model (IFSTEM). The IFSTEM Model may be briefly described as follows: 
Equivalent Optimization Problem (EOP) for IFSTEM
The IFSTEM model can be formulated as the following EOP for each commodi- 
The Solution Procedure for EOP
We need an efficient solution procedure for the EOP that is guaranteed to converge to an existing and unique equilibrium. Safwat and Brademeyer [34] developed a globally convergent efficient algorithm called the Logit Distribution of Trips (LDT) algorithm for predicting equilibrium on the STEM model. We adapted this algorithm to solve our IFSTEM. The algorithm belongs essentially to the class of feasible-direction methods and is known to be globally convergent.
As mentioned in the network representation of Safwat and Hasan (2004) Solution Algorithm:
Step 0: Initialization.
Perform all-or-nothing assignment based on
flow cost). This yield ( )
Step 1: Cost update.
Step 2: Direction finding.
Compute the costs on the shortest paths 
Step 3: Line search.
Step 4: Move.
Set.
Step 5: Convergence test.
If a convergence criterion is met, stop (the current solution { }
is the set of equilibrium flow patterns); otherwise, set 1 k k = + and go to Step 1.
A computer code in C++ was developed to create the multimodal network representation requirements and solve the above Algorithm.
IFSTEM-Oman Model Application Assumptions

Application Assumptions for Demand Models
As can be seen from the description of the IFSTEM Model, it involves two demand models. These are trip generation and trip distribution models. In a typical application of the IFSTEM Model, these demand models would have been calibrated using available socio-economic and transport and logistics cost data.
However, because of data limitation on the availability of socio-economic and transport and logistics cost variables, in this application of the IFSTEM-Oman Journal of Service Science and Management Model, we could not perform typical calibration of these demand models.
Instead, however, we assumed the following assumptions to "calibrate" the trip generation and trip distribution models within the IFSTEM-Oman Model.
First, we invoked the following assumptions to estimate the exogenous variables i E for each origin i from the equation
That is, the socio-economic variables, which are exogenous to the transport and logistics system, are assumed to account for 40% of the international trade flows that are exported from that origin.
For the attractiveness measure in the trip distribution model,
By this assumption each destination has different attractiveness for different origins. We then assumed that this attractiveness composite measure is the exogenous variable in the exporter observed utility function. That is,
We further assumed that the exporter at origin i is influenced only by this attractiveness measure and that he would not consider the delivery cost ij u to be a major factor in his choice of the destination.
Hence, the accessibility measure for this behavior will be ( )
And the trip generation model will be specified as follows:
Now we can estimate , G is the predicted trip generation for origin i for year 2012. This value of r θ will keep the effect of transport and logistics system (supply), as measured by the delivery cost ij u , on the predicted trip generated from origin i to be 60% on average less than the observed trip generation. This is consistent with the earlier assumption that 40% of trip generation is influenced by socioeconomic factors, which implies that 60% is influenced by transport and logistics cost factors.
IFSTEM-Oman Model Supply Side Assumptions
The supply side of IFSTEM-Oman Model is represented by a set of link cost functions for different modes and operations. We assumed the following link [33] ) to be as follows:
For exports 3.5 USD/Tone/Day, for imports 5 USD/Tone/Day, and for Re-exports 7.5 USD/Tone/Day.
Input Data for IFSTEM-Oman Model and Application Assumptions
Major Seaports and Land Border Points
According to the available statistics for imports, exports and re-exports for Oman during the base year of 2012, the international trade volumes (available for imports, exports and re-exports) at three major seaports and two major land border points represented around 74% of the total weight in tons of Omani exports, imports and re-exports and around 90% of the total value of these observed international trade statistics for Oman. Hence, in this application we considered these major five points of entry/exit of international trade to/from Oman. These are three major seaports, namely Mina Sultan Qaboos (at Muscat), Mina Sohar and Mina Salalah (see Figure 1 and two major land border points, namely Al Wajajah and Wadi Jizzi. From these five points we selected the five commodities of the highest volumes of trade with Oman. Journal of Service Science and Management Figure 1 . Oman major seaports.
Observed International Trade Data for 2012
We obtained the following Import 4) Documents to Import (number); 5) Time to Import (days); 6) Cost to Import (USD per 20-ft container). We then assumed that the estimates for re-exports of Documents, Times, and Costs are the same as those estimated for Exports according to the WB report indicated above (see Table A1-1 and Table A1 Table A1-3 and Table A1 -4 in Appendix 1).
Estimated International Maritime Transport Times and Costs for 2012
We further assumed that the commodities that go through the land border 
Other Application Assumptions
Mainly because of lack of appropriate detailed data and actual estimates from the field, we have invoked the previous assumptions and approximate estimates as well as the following general assumptions: 1) All 20-ft containers carry 10 tons per TEU (10000 KG), as assumed by WB reports.
2) All Points of Entry/Exit in Oman have the same procedures, costs, and times.
3) All Commodities have the same procedures, costs, and times at any Entry/Exit point.
4) Transit and Transhipment trade for Oman are excluded (for lack of data).
Alternative Enhancement Scenarios
To achieve the main objectives, our focus has been on undertaking effective and efficient actions with particular focus on significantly improving procedures, Based on the estimated GDP growth rate for 2013 (which was approximately 4%) we assumed that the average annual growth rate for prediction purposes in our analysis is 4% annually during the analysis period from 2012 through 2040.
For each scenario we predicted the expected increase in international trade flows of imports, exports and re-exports (in tons), the expected decrease in average total trip time (in days) and the expected decrease in total cost per ton (in USD). The predictions are estimated for the years following the completion of implementation of the alternative enhancement scenarios until the target year of 2040.
Based on the above mentioned assumptions, the description of the five scenarios considered in the analysis are as follows:
The reference scenario "do nothing" and its prediction to the target year 2040. 
Predicted International Trade Flows, Times and Costs: Application Results and Analysis
In this section we summarize and analyze the results of the predicted international trade flows, times and costs of imports, exports and re-exports for Oman for all five alternative scenarios (i.e., the reference scenario (Scenario 0) and the four alternative enhancement Scenarios 1, 2, 3 and 4). The Appendix includes Tables A2-1 
The IFSTEM-Oman Model Application
Based on the assumptions invoked in Section 3 above, the IFSTEM-Oman Model was first used to replicate the current situation (i.e., the reference scenario (0) for base year 2012). The IFSTEM-Oman Model was applied to the 5 entry/exit Journal of Service Science and Management points of Oman (i.e., 3 seaports and 2 land border points as indicated in section 3) using the 5 highest volume commodities crossing these points (see Table   A1 
Growth Rates of Future International Trade Flows
Based on the assumed average annual growth rate of 4%, the predicted interna- Table A2-1 and Figures 2-4 are essentially logical, internally consistent and reasonable. These predictions are satisfactory for the purposes of analysis in this paper, given the limited input data and estimates for this application. As indicated above, if and when more detailed data and estimates become available, the model is flexible, and appropriate to produce more detailed and refined results accordingly.
Predicted International Trade Flows for Oman (2012-2040)
In all cases, various international researchers and practitioners including the Comparing between Scenarios 1 and 2 we can see that as expected the relative improvement of Scenario 2 over Scenario 1 is minimal. Figure 3 shows the percent increase of international trade flows for the various enhancement scenarios compared with the reference scenario as of 2012 (for example for Scenario 1, Table A2 -2 in the Appendix 2 and Figure 5 and That is the cost per ton is expected to be decreased by more than 20% for enhancement Scenario 4 compared to the reference scenario (0). This should reflect significant savings to the Omani economy. 
Predicted Total Cost per Ton of International Trade Flows
Predicted Average Total Trip Time of International Trade Flows (in Days)
Conclusions
• The proposed alternative enhancement scenarios were 4 nested scenarios, i.e., each scenario included the previous one plus an additional enhancement. • The predictions were obtained using an advanced International Freight Simultaneous Transport Equilibrium Model adapted for Oman, i.e., IFSTEM-Oman Model. This IFSTEM-Oman Model belongs to the class of the distinguished simultaneous transport planning equilibrium models. The simultaneous planning models were developed over the past 50 years to overcome a few inherent deficiencies of the well-known traditional sequential transport planning models widely used until today by the majority of consultants and authorities worldwide.
• Several recognized international researchers and practitioners over the previous few decades, including the authors of this paper, have established that the simultaneous equilibrium models consistently produce better predictions (i.e., internally consistent) compared to the sequential transport planning models. This is of course true when both models are compared under similar situations of input data availability and/or limitations. 
Appendix 2
Prediction Results for IFSTEM-Oman Model 
